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20 Background Of The Invention 

In a first aspect, j the present invention re- 
lates to a vessel for transporting a wind turbine, 
and in a second and a third aspect a method of moving 
a wind turbine, the method of the second aspect re- 

25 lating to moving the turbihe from land to an offshore 
wind farm at its erection, and the method of the 
third aspect relating to \ removing a worn-out wind 
turbine from the offshore ;wind farm. In a fourth as- 
pect the invention relates ! to a wind turbine. 

30 The vessel according: to the first aspect of the 

invention can load at leaejt one wind turbine mounted 
on a base, the wind turbine, after the loading, being 
placed on the vessel on a loading space in an upright 
position corresponding to j:he upright operating posi- 

35 tion of the wind turbine. I 

Such a vessel is knjown from BP 1 101 935 A2, 
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according to which the base, tower, nacelle and rotor 
blades are assembled on shore into an entire wind 
turbine to avoid the substantially higher costs in- 
volved in assembling the riain components of the wind 
turbine at the offshore wind farm. Since a wind tur- 
bine for offshore use hasj a very considerable size, 
such as a height of morej than 100 ro and a mass of 
e.g. 1000 t in its assembled state, it is obviously 
no simple task to sail an ! entire wind turbine out to 
an offshore position and place it on the seabed. In 
the said publication, a crane on the vessel is used 
to lift the entire wind turbine from land onto the 
vessel, which then sails with this one turbine to the 
offshore position and lifts the turbine into place on 
15 the seabed. A vessel with :a crane for lifts of about 
1000 t is expensive to operate. One drawback is that 
this vessel is used to sai.1 each individual wind tur- 
bine from land to the offshore farm, particularly if 
the farm is far from land, j 
20 WO 99/43956 describes how to build two wind 

turbines on a barge and tow them out to an offshore 
wind farm. On the farm, feach turbine is lifted off 
the barge by means of a qrane on another vessel and 
lowered into place on the if arm. Experience shows that 
25 it is risky to lift a largje structure from a floating 
vessel by means of a crane on another floating ves- 
sel, and it requires really calm weather and small 
wave heights to carry out I a safe lift without damage 
to the structure. This meaps that only a limited num- 
ber of days are available to erect a wind farm. Since 
crew and vessels are only available in coherent peri- 
ods, this results in higk costs for installing the 
farm. ! 

Lifting the assembled turbine with base also 
35 implies the drawback that! the turbine tower must be 
dimensioned in terms of j strength to withstand the 
lift. Since the loads of k lift act differently from 
the dynamic loads in operation, the turbine tower has 
to be of sturdier dimensions to withstand the lift 
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than would otherwise have j been required. The heavier 
dimensions entail more weight and thus larger dynamic 
loads in operation and higher costs for manufacturing 
the wind turbine, ! 

WO 02/088475 describes how one or two wind tur- 
bines with a base designed as so-called suction piles 
with an open bottom for being pressed down into the 
seabed material to create j anchoring is/are suspended 
by wires in a vessel and! sailed out to an offshore 
wind farm where the wind turbine is lowered into 
place on the seabed > Before sailing, the wind turbine 
is pulled up against the bottom or side of the ves- 
sel. However, the wind turbine is still a self- 
floating structure with an extremely elevated centre 
of gravity in relation t4 the centre of gravity of 
the vessel. This inevitably causes mutual movement of 
the structures during sailing, and it is only possi- 
ble to sail out to the fatm when the weather is good 
and the wave heights smaljl, which limits the number 
of days available, as mentioned above, and entails 
high costs. j 

WO 01/34977 describes a wind turbine which is 
lifted into the water by a crane, whereupon a vessel 
grips around the tower, and ballast is removed from 
the base, which contains aj single chamber communicat- 
ing with the inside of ihe tower. When sufficient 
ballast has been removed, jthe wind turbine floats up 
to abut the vessel, which jean then sail the wind tur- 
bine out to a farm where the base is filled with bal- 
last so that the wind tutbine sinks to the seabed ♦ 
Quite apart from the problems of the crane lift of 
the turbine and sailing with two floating structures 
abutting each other, thej grip around the turbine 
tower involves a risk of 'damage to the tower caused 
by the grip. Even minor scratches are of importance 
to the durability and strength of the turbine tower. 



Brief Summary Of The Invention 

i 

In its first aspect J the object of the present 
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invention is to provide ja vessel allowing sailing 
with wind turbines at litjtle risk of damage to the 
wind turbine and with safes delivery of the wind tur- 
bine on the farm* j 
5 In view of this, th|e invention related to the 

vessel is characterized inj that the vessel has means 
for displacing the wind 'turbine from the loading 
space to an unloading position, and that the vessel 
has winches with at least; three flexible lines with 
10 associated fastening meansi for mounting on at least 
three lifting points on tjhe wind turbine base, the 
flexible lines being arranged at the unloading posi- 
tion so that their sections extending down to mount- 
ing places on the wind turbine base are spaced apart 
15 in the horizontal direct ioii. 

Since the wind turbine with base stands on the 
loading space on the ship during sailing, the ship is 
supporting the wind turbine in terms of buoyancy. 
This prevents the problems] of sailing with two self- 
20 floating structures in mutual contact. Any influences 
between the lashing and stowing means on the vessel 
and the wind turbine mayj act on the wind turbine 
base, which is far more rd>bust than the wind turbine 
tower. The wind turbine tcjwer is mounted on the base 
25 and needs no further support during sailing. The 
sailing can thus be carriejd out at no risk of damage 
to the turbine tower* I 

In connection with unloading of a wind turbine, 
it is moved to the unloading position. This is ef- 
fected by the vessel's, mekns of displacing the wind 
turbine. By displacing the wind turbine, any grip 
around and lift in the tower or nacelle are avoided, 
thus eliminating the risk of damage to the tower. The 
displacement shifts the Horizontal position of the 
35 centre of gravity of the wind turbine in relation to 
the centre of gravity of the vessel. During sailing, 
the distance between the wind turbine centre of grav- 



ity and the vessel centre 



when the wind turbine hks been displaced to the 



of gravity is smaller than 



unloading position. The displacement thus makes it 
possible to design the vessel both with good sea 
properties during sailing j and with good loading and 
unloading properties for wiind turbines at sea at the 
5 farm. 

When the wind turbiri® is placed in the unload- 
ing position and the at least three flexible lines 
are mounted on the associkted lifting points on the 
wind turbine base, lowering of the wind turbine can 

10 start. Because the flexiblte lines extend downwards at 
a mutual horizontal distance , they will influence the 
wind turbine with upward, horizontally separated 
lifting forces. The lifting forces pairwise influence 
the wind turbine base withj righting moments that com- 

15 pensate for the loss of righting moment which occurs 
when the waterline area cjf the wind turbine is re- 
duced as most of the uppier surface of the base is 
brought below the sea surface. It is thus possible to 
move the wind turbine fro^i a stable condition on the 

20 vessel to a stable locatioh on the seabed without any 
risk of capsizing. j 

Both sailing with jthe wind turbine and its 
transfer to a location on jthe seabed can be effected 
by means of equipment on the vessel itself and solely 

25 by influencing the wind tjurbine base. If the vessel 
is a barge the equipment; on the barge need not be 
able to propel the barge, j because the barge is towed 
or pushed by a tugboat diiring the transfer from the 
port to the offshore winjd field. Because only the 

30 wind turbine base is influenced, both sailing and 
unloading can be done under rather poor weather con- 
ditions and at no risk of damaging the tower. When 
erecting a large farm, the vessel according to the 
invention thus has more) effective workdays than 

35 prior-art vessels. 

At the unloading position, the vessel prefera- 
bly has two projecting <krme arranged at a mutual 



horizontal distance larger 



than the width of the wind 



turbine base, and at least two of the flexible lines 



venting the wind turbine 



seabed is mounted on one 



extend from the arms to the lifting points on the 
wind turbine base. In tljie unloading position, the 
wind turbine base may be 1 placed between the arms, 
which are suited to act as guides for the base, pre- 



::rom turning about the lon- 



gitudinal axis of the turhine tower. Control of the 
angular position is of importance in the cases where 
the wind turbine connect idn to a power system on the 



side of the wind turbine 



base. Moreover, the two projecting arms provide dis- 
tance to the remaining part of the vessel hull so 
that the vessel only has to sail a short distance to 
be brought completely fre4 of the wind turbine. This 
is of importance to the unloading, as the wind tur- 
bine becomes stationary aj; the moment when the base 
is placed on the seabed, j whereupon vessel movements 
in the sea cause the vessel to move in relation to 
the wind turbine. The possibility of rapidly bringing 
the vessel away from the wjind turbine permits unload- 
ing of wind turbines in more rough weather. 

It is possible to Have only one flexible line 
extending from each of the arms and then have, for 
example, one or two flexible lines extending from the 
vessel deck near the projecting arms. It is pre- 
ferred, however, that each arm is associated with at 
least two flexible lines ! so that one arm lifts in 
lifting points on one sid<=i of the wind turbine base, 
and the other arm lifts iiji lifting points on the op- 
posite side of the wind | turbine base. If the two 
flexible lines of the arm Extend from the arm down to 
the lifting points on the wind turbine base with a 
distance in the longitudinal direction of the arm 
substantially corresponding to the length of the wind 
turbine base, a substantially vertical pull in the 
four lifting points is obtained. The flexible lines 
can also be arranged at k larger mutual horizontal 
distance, which makes the lifting forces form a small 
angle to vertical in a direction away from the wind 
turbine, whereby, in addition to the vertically act- 



ing lifting forces, the wijnd turbine is also, via the 
lines, influenced by horizontal forces having a cen- 
tring effect on the horizontal position of the wind 
turbine in relation to the four lifting points. 

It is possible that the means for displacing 
the wind turbine include rails extending along the 
full length of the loading] space of the vessel to the 
unloading position. The wind turbines may, for exam- 
ple, be displaced on the iails by means of hydraulic 
jacks, which can be actuated, after fastening, to 
push the wind turbine base a distance towards the 
unloading position, whereupon the jacks are moved a 
corresponding distance forwards, fastened and actu- 
ated for another push, ard so forth until the wind 
turbine has been displaced all the way to the unload- 
ing position. The wind turbine can also be pulled 
along the rails by means ,bf winches. The rails may, 
for example, be used for j displacement of wind tur- 
bines which are not self j-f loating, such as a wind 
turbine with too small volume in its base for it to 
be self -floating, in that case the vessel is designed 
with supports to carry jthe wind turbine in the 
unloading position until suitable lifting forces have 
been established with thej flexible lines, whereupon 
the wind turbine can be released from the supports 
and lowered on to the seabejd. 

In one embodiment of the vessel, at least one 
of the winches with flexible lines used at the 
unloading position is part j of the means for displace- 
ment of the wind turbine jfrom the loading space to 
the unloading position. The equipment of the vessel 
is in this case simplified in that one and the same 
winch is used for both the) displacement and the low- 
ering of the wind turbine}. A further advantage ob- 
tained is that the flexible line is connected with 
the lifting point on the wind turbine base before it 
has been displaced to the unloading position. 



In an embodiment of 
ticularly advantageous for 



the vessel which is par- 
transporting wind turbines 



able to float themselves, 
of heavy draught, has the 



the vessel, in a condition 
deck of the loading space 



located at such depth below the water surface that a 
wind turbine can float ovejr the loading space, and in 
a transport condition witi lighter draught the deck 
of the loading space is located above the water sur- 
face so that the wind turbine is carried by the ves- 
sel. When a wind turbine is to be displaced from the 
loading space to the unloading, position, the wind 
turbine is first brought into a self -floating condi- 
tion where the vessel is ballasted for heavy draught 
and the wind turbine bade has sufficient positive 
buoyancy to keep the entire wind turbine in a float- 
ing upright condition, then the wind turbine is 
pulled to the unloading position, and the vessel may 
possibly be relieved of ballast before the wind tur- 



seabed. The change of bal- 
be made quicker and using 
ack-driven displacement of 



bine is lowered on to the 
lasting of the vessel can 
less crew than the above 
the turbine on rails. 

For use in connection with transporting wind 
turbines .having ballast tanks, the vessel may have 
ballast means for changing | the ballast condition of a 
wind turbine base. By placing the ballast means on 
the vessel, they become more reliable in operation, 
and they can be reused frbm turbine to turbine. The 
manufacturing costs for tiie individual turbine thus 
become lower. 

As mentioned above, a Second aspect of the inven- 
tion relates to a method j of moving a wind turbine 
built on a wind turbine ijase with a tower, nacelle 
and rotor blades before tjhe wind turbine is sailed 
out to an offshore wind fairm, at least one wind tur- 
bine being placed on a vessel in an upright position 
corresponding to the upright operating position of 
the wind turbine and sailed to a place of installa- 
tion on the offshore wind] farm, whereupon the wind 
turbine is transferred frojm the vessel to its place 
of installation on the seabed. 
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In a method known from EP 1 101 935 &2, the wind 
turbine with base is liftejd over onto and away from a 
crane barge, and as mentioned above this influences 
the tower with the liftijng forces. In WO 99/43956 
wind turbines are lifted by means of another floating 
vessel, in WO 02/088475 a Wind turbine is floated out 
in contact with a vessel, and in WO 01/34977 the 
tower of a wind turbine is held by a gripper while 
the ballast quantity in the wind turbine base is 
changed . 

In its second aspect, the object of the present 
invention is to provide a method allowing in a simple 
way largely damage-free kandling and safe sailing 
with wind turbines to a firm and placing of the wind 

turbines on it. ' 

i 

In view of this the Jnethod is characterized in 
that the wind turbine on the vessel is supplied with 
ballast in the wind turbine base before being sailed 
out to the wind farm, and that, in connection with 
transfer of the wind turbine from the vessel to the 
place of installation, ballast is supplied to the 
wind turbine base while the wind turbine base is held 
suspended in at least three horizontally distanced 
flexible lines from the velssel with at least most of 
the upper surface of the ; wind turbine base located 
above the sea surface. j 



By supplying ballast to 
is sailed out to the farm, 



the wind turbine before it 
it will stand on the ves- 



sel deck with a suitable stability for the wind tur- 
bine to withstand the movements of the vessel at sea, 
and it remains standing sedurely on the vessel during 
displacement and lowering of one of the other wind 
turbines. When the vessel is at the farm and the wind 
turbine is to be transferred to the seabed, the wind 
turbine base is suspended in the at least three 
flexible lines, and then the ballast is supplied and 
the wind turbine is lowered on to the seabed. As de- 
scribed above, the stability of the wind turbine 
against capsizing is maintained by the horizontally 
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base passes down below the 



distanced lines during the entire lowering, and also 
while the upper surface of the lower section of the 



sea surface. 



The wind turbine is preferably self-floating and 
is moved in a floating, Upright position to a posi- 
tion above a loading spaces on the vessel before the 
ballast is supplied in connection with placing on the 
vessel. When the ballast is supplied, the wind tur- 
bine sinks down to be placed on the loading space. 
Alternatively the draught bf the vessel can be dimin- 
ished until the wind turbine is placed on the vessel 
and then ballast can be supplied to the ballast tanks 
in the wind turbine base. ; 

After being sailed out to the offshore wind farm, 
the wind turbine can advantageously be brought into a 
floating, upright position before it is lowered to 
its place of installation. The design of the vessel 
is simpler when the wind turbine can be brought into 
a self -floating position bejfore lowering. 

The method according to the invention provides an 
advantageous possibility o|f> loading the vessel with 
at least three, preferably four or five ready- 
assembled and f unction- tee ;ed wind turbines. Because 
of the extremely low risk of damage to the wind tur- 
bines during transport and transfer to the seabed, 
their assembly can be finished before they are loaded 
onto the vessel. The wind turbines can thus be fin- 
ished in a factory on land or by the port and be 
function-tested at the factory or at the port so that 
any defects of the wind turbine have been rectified 
before the final sailing out to the offshore wind 
farm, when the wind turbinj is placed on the seabed, 
it only has to be connected to the power grid to be 
operational. By loading thtee or more wind turbines 
on the vessel, the farm can be erected more quickly 
by means of a single vessel 

In its third aspect, the present invention relates 
to a method of moving a wind turbine from a place of 
installation on the seabed on an offshore wind farm 
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by means of a vessel, The* known wind farms have all 
been erected without taking into consideration that 

at some time the wind turbines are worn out and must 

i 

be removed. j 
5 With a view to removing a wind turbine when it is 

no longer to be in operation on the farm, the method 
according to the invention is characterized in that 
the wind turbine base is connected to at least three 
horizontally distanced flexible lines from the ves- 

10 sel, that ballast means on the vessel are connected 
to the wind turbine base, [that lifting by the flexi- 
ble lines is performed while the wind turbine is 
standing on the seabed, aftd that ballast is removed 
from the wind turbine basej, the lift in the flexible 

15 lines being maintained until at least most of the up- 
per surface of the wind turbine base is located above 
the sea surface. In this way it is possible in a sim- 
ple manner to remove the wind turbine from the farm* 
In its fourth aspect, ; the present invention re- 

20 lates to a wind turbine with a wind turbine base, the 
wind turbine base being designed as a buoyant body 
able in its floating condition to support a tower 
with nacelle and turbine blades mounted thereon, and 
being adapted for reception of ballast liquid. Such a 

25 wind turbine is described 4 n wo 01/34977. 

In order to provide aj wind turbine which can be 
sailed out to an of f shore , location and lowered on to 
the seabed without any actual risk of damage to the 
turbine tower, the wind turbine according to the in- 

30 vention is characterized ! in that the wind turbine 
base is divided into at j least three chambers r and 
preferably at least four chambers, at least three of 
which act as ballast tanks!, and that the wind turbine 
base has at least three lifting points with fittings 

35 for mounting fastening means* 

The effect of the divi&ion of the base into cham- 
bers is that, in a self -floating condition with most 
of the upper surface of the base above the sea sur- 



face, the wind turbine is 



stable in its floating po- 
ll 



sition without support fr<j>m other structures. The at 
least three lifting pointi allow connection of lines 
from a vessel so that the -stability can be maintained 
when the upper surface of the lower section of the 
base with large width is brought down below the sea 
surface. < 

In a preferred embodiment the base has a square 
shape at its lower part anjd a lifting fitting at each 
corner. The square shape is easy to stow on the load- 
ing space of the vessel and is suited to provide ef- 
fective support on the seabed. The regular square 
shape is also production-friendly and allows symmet- 
rical construction of the base. 

In one embodiment, each ballast tank of the base 
has a filling pipe, an emptying pipe and preferably 
also a sounding pipe, the emptying pipe and the 
sounding pipe extending ddwn near the bottom of the 
ballast tank. With ballasft tanks equipped in this 
way, the ballast quantity; can be controlled from a 
vessel by connecting hoses ; to the pipes and supplying 
or removing ballast using j pumps on the vessel. The 
ballast tanks can thus be j made without movable mem- 
bers f or changing the ballast quantity. This design 
provides extremely high reliability also after the 
wind turbine has been in; operation on an offshore 
farm for a number of years. 1 

The filling pipe, emptying pipe and sounding pipe 
of the ballast tank may bej three pipes each communi- 
cating with all the ballast tanks in the base, which 
provides simultaneous filling or emptying of all the 
tanks of the wind turbine.; Preferably, however, each 
ballast tank has three separate pipes so that accu- 
rate adjustment of the weight distribution of the 
base can be carried out during lowering. 

In one embodiment, the! emptying pipe is provided 
with an ejector for suction' of fluid from the ballast 
tank when the ejector is supplied with pressurized 
liquid. The ejector provide^ high reliability of emp- 
tying of the ballast tank when the wind turbine 
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stands on the seabed. As ajn alternative to the use of 
an ejector, the emptying pipe may have a pump connec- 
tion near the ballast tank, which then requires 
mounting of a suction pu^np on the connection by a 
diver when the wind turbin^ ie to be removed. 

In a further aspect thje present invention relates 
to a method of building an offshore wind power farm 
having an electric grid placed on the sea bottom and 
a plurality of wind turbines connected to the elec- 
tric grid for delivering pcjwer thereto. 

The building of offshore wind power farms has 
hitherto been based on the principle that all wind 
turbines in the farm had to be installed before the 
electric grid was installed. In order to build an 
offshore farm with 80 wind turbines is has been nor- 
mal to use from 9 to 12 months. It is an object of 
the latter aspect of the jnvention to enable produc- 
tion of power at an earlier time than possible with 
the prior art methods. With the wind turbines accord- 
ing to the present invention the installation period 
can be reduced to about 4 to 6 months because the 
turbines are completely tested on shore before they 
are transferred to the fanjt. With a view to obtaining 
an even earlier start of production the present in- 
vention is characteri2ed jin that the lines in the 
electric grid are installed on the sea bottom before 
all wind turbines have beefc installed, and preferably 
prior to the placement of j the first wind turbine on 
the farm, and that some jof the wind turbines are 
placed on the farm and connected to the electric grid 
before all the wind turbines have been placed on the 
farm. Saving in time is obtained by connecting wind 
turbines to the grid at the same time as wind tur- 
bines continue to be placed! in the farm. 

In a further development of this embodiment a 
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transformer station is connected to the electric grid 
before all wind turbinesj have been placed on the 
farm, and one or more of the wind turbines connected 
to the electric grid and ijegin to produce electricity 
before all wind turbines; have been placed on the 

farm. This partial taking; wind turbines into normal 

I 

service operation creates value because the power 

i 

production begins at an eatlier time. 

Brief Description Of The Several Views Of The Drawing 

Examples of the invention will now be explained 
below with reference to the very schematical draw- 
ings, in which j 

FIG* 1 depicts a side view of an offshore wind 

i 

turbine according to the invention, 

FIGS. 2 to 5 show a vessel according to the inven- 
tion with wind turbines Recording to the invention 

illustrated in four different mutual positions, 

s 

FIG. 6 illustrates a diagram of pipe connections 
to ballast tanks in the wiijd turbine of Fig. 1, 

FIGS. 7 to 10 illustrate four different embodi- 
ments of the wind turbine According to the invention, 

FIG- 11 is a longitudinal sectional view through 



pipe in a ballast tank of 



an ejector in an emptying 
the wind turbine, 

FIG. 12 is a top view butline of a vessel accord- 
ing to the invention, loaded with four wind turbines 

i 

according to the invent ion j 

FIGS. 13 to 15 show side view outlines of the ves- 
sel and a wind turbine shown in three different posi- 
tions at the unloading position of the vessel, and 

FIG. 16 illustrates a Section of a wind farm area 

with an electric grid and 4 transformer station. 

i 



Detailed Description Of 
As shown in Fig. l f a 



The Invention 
vind turbine 1 has a number 
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of rotor blades 2, typicaltLy two or three, mounted on 
a nacelle 3 at the top of ja tower 4 mounted on a wind 
turbine base 5. The wind [turbine tower, nacelle and 
rotor blades may be of any suitable design and may, 
for example, be a 2 MW turjbine of one of the makes of 
Vestas Wind Systems A/S, Bonus Energy A/S or NEG Mi- 
con A/S. Such a wind turbine typically has a height 
from the bottom of the base to the top of the nacelle 
of 90-100 m and a blade length of about 40 m. 

Offshore wind turbines' may have larger dimensions 
than as mentioned, such as j outputs of 3 MW, 4 MW or S 
MW or more with heights oi| 100-140 m and rotor blade 
lengths of 45-80 m. Normally, wind turbines of dimen- 
sions below 1 MW are not usable. 

The design of the actual tower with nacelle and 
rotor blades is extremely well-known. The rotor 
blades 2 are mounted on sj rotor in a wind turbine, 
which, in the nacelle housing, is mounted on a base 
plate and is connected to ji control and safety system 
controlling the setting ok the rotor blades, among 
other things, and actuating braking systems when 
needed. The wind turbine hjas an electric system that 
generates power and posjsibly transforms voltage 
and/or frequency to suitable values. The electric 
system is passed down throiigh the tower to the base, 
which has connecting parts intended for grid connec- 
tion. 

In an offshore wind farm it is common to lay out a 
grid 6 to which the wind .turbines can be connected, 
and to prepare the seabed j at the place of installa- 
tion of each turbine befor^ the wind turbines are in- 
stalled on the farm. Of course, it is possible to lay 
out the grid after installing the turbines, but the 
preparation of the seabed for installation of the 
turbines suitably goes with laying out the grid. 

The height of the wind j:urbine varies with the wa- 
ter depth d. As an examplej, a 2 MW wind turbine for 
installation at a water depth of 10 m may have a 
height of about 90 m to the top of the nacelle. In 



such case the base may haVe a height of about 20 m. 
If the water depth deviates from the 10 m, the ad- 
justment to the relevant j water depth for the same 
wind turbine output is preferably effected by varying 
the height of the base, in this manner, in a simple 
way for manufacturing purposes, the same turbine 
tower, nacelle and rotor blades may be used for dif- 
ferent water depths, such; as depths in the interval 
from 5 to 30 m, by varying the height of the base 
from 15 to 40 m. The height of the wind turbine tower 
depends on the rotor blade length, which again de- 
pends on the number of rotor blades on the turbine 
and on the output, the length increasing with in- 
creasing output and decreasing number of rotor 
blades, and vice versa. 

A vessel 7 may be used to transport the wind tur- 
bines out to the offshore farm. For the sake of clar- 
ity, the vessel hull is illustrated with a hatched 
section in Figs. 2 to 5 although naturally the hull 
is not solid. 

It is extremely advantageous if the wind turbines 
can be built and made ready on shore to the greatest 
possible extent because production costs here are 
lower than offshore. In tjhe optimum case, the wind 
turbines are finished, tesjted and rectified on shore 
before being sailed out tjo the offshore wind farm. 
One option is to sail them out directly from the 
manufacturing plant, which is typically built at a 
port. If the offshore farm is far from the manufac- 
turing plant, it is also possible to carry out inter- 
mediate transportation, fojr example on a barge, from 
the place of production to! an intermediate port where 
the vessel 7 picks up thej ready-assembled wind tur- 
bines for sailing out to the farm. The wind turbines 
can alternatively be towed- in self -floating condition 
from the place of production to the intermediate 
port. During such a towing action several wind tur- 
bines can be interconnecte4 and towed together in or- 
der to increase the efficiency of the towboats. 

15 



The vessel may be designed in a way so that the 
wind turbine is pushed orj board by means of jacks 
pressing on the base in a| horizontal direction, and 
may have an associated rail system on which the wind 
5 turbine slides. In that ca£e the rail system on shore 
has then been coupled to ja rail system onboard the 
vessel during loading so that the wind turbine can be 
pushed all the way to its j transportation space where 
the wind turbine will sta|nd during sailing. Such a 

10 design of the vessel is particularly applicable for 

j 

transportation of ready- assembled wind turbines that 
are not self -floating. In. connection with unloading 
at the offshore wind farm,! such wind turbines can be 
displaced along the rail system to the unloading po- 

15 sition where, after connection to lifting wires, they 
are lowered on to the seabed substantially as de- 
scribed below. : 

In a preferred embodiment, the vessel 7 has a 
variable draught and a loading deck 8 located at such 

20 height in relation to thej water surface 9 that the 
deck 8 firstly, in a transport position shown in Fig. 
2 with light draught for tjhe vessel, is located above 
the sea surface and secondly, in a loading position 
shown in Pig. 3 with heavy; draught for the vessel, is 

25 located at such a lowered depth h below the water 
surface 9 that a wind turbine 1 in a self -floating 
condition has less draught than the lowered depth h 
of the loading deck. This j enables the wind turbine 1 
to be displaced horizontally in relation to the ves- 

30 sel 7 either by the vessel; being sailed below or away 
from the wind turbine or ; by the wind turbine being 
towed horizontally in relation to the vessel. 

In connection with loading of the vessel with wind 
turbines at port, the vessel may be ballasted to the 

35 sunken-down position shown in Fig. 3, whereupon one 
or more wind turbines are 'brought into position above 
their intended loading spaces on the loading deck of 
the vessel. Then the base of each wind turbine is 
supplied with ballast until it has sunk down to stand 

L7 
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on the loading deck of the vessel. The wind turbines 
may be towed individually over the vessel and lowered 
into place on the loading deck, or several wind tur- 
bines may be towed together and lowered. 

When the vessel 7 has sailed the wind turbines 1 
out to the offshore farm, the vessel can be lowered, 
by means of pumping ballast into the vessel, from the 
position shown in Fig. 2 to the position shown in 
Fig. 3, where the aftmost wind turbine is floating 
while the other wind turbines have such a ballast 
quantity in their bases that they keep standing on 
their loading spaces. The aftmost wind turbine is 
then displaced horizontally from the loading space to 
the unloading position shown in Fig. 4. This may be 
15 effected by persons on the vessel manually dragging 
the wind turbine aftwards by means of wires fastened 
to the wind turbine. Preferably, however, the wind 
turbine is displaced by means of one or more flexible 
lines 10 (Fig. 14) which are mounted on the vessel 
20 and which, after fastening to the wind turbine base, 
pull the wind turbine aftwards by means of associated 
winches 11. 

In the context of the present invention the term 
line is to be understood as any kind of flexible 
means capable of transferring pull, such as wire, 
rope, cable, cord, wire rope, steel wire rope, manila 
rope, or artificial rope. And the term winch is also 
to be understood in a broad sense, such as winch, 
hoist, wire lifter unit, windlass or capstan. 

When the wind turbine has been displaced horizon- 
tally to the position shown in Fig. 4, the draught of 
the vessel may be reduced by pumping out ballast from 
the vessel until the position shown in Fig. 5, where- 
upon the wind turbine can be lowered into place on 
35 the seabed as described below in connection with 
Figs. 13 to 15. The reduction of the vessel draught 
considerably increases the stability of the vessel as 
the entire loading deck is brought up above the sea 
surface. It is therefore preferred that the vessel is 

18 
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brought into the position shown in Fig. 5 before the 
lowering, but it is also possible to perform the low- 
ering from the position of the vessel shown in Pig. 
4, particularly in case of light sea and little wind. 

In connection with handling of the wind turbine 1, 
the ballast quantity in the wind turbine base 5 must 
be changed. This is effected by removal or supply of 
ballast liquid from or to ballast tanks 12 in the 
wind turbine base. Naturally, it is possible to sup- 
ply ballast to the tanks by means of operation of a 
valve in the side of the ballast tank, that is, by 
opening of such a valve, and to remove ballast by ac- 
tuation of a pump mounted inside the ballast tank, 
but preferably there are no movable parts in the bal- 
last tank that require maintenance. For wind turbines 
that have to stand for many years on a wind farm, it 
is an advantage that the wind turbine does not con- 
tain the active movable parts for changing the bal- 
last content in the tanks- In a preferred embodiment 
of the wind turbine, it is therefore, as illustrated 
in Fig. 6, designed with permanent pipes leading from 
a connection place 13 above the sea surface down to 
the ballast tanks 12 in the base. 

The connection place 13 may lie protected behind a 
cover panel in the upper part of the base, and the 
individual pipes may each terminate in a protective 
cover. After removal of the cover panel and covers, 
hoses may be connected to the pipes. Each ballast 
tank may be associated with a filling pipe 14, a 
sounding pipe 15 and an emptying pipe 16, at least 
the emptying pipe 16 and the sounding pipe 15 extend- 
ing down near the bottom 17 of the ballast tank. The 
hoses can be connected by operating staff standing on 
a platform 18 at the transition between the base and 
the tower 4 . 

The filling pipe 14 may end at a random place in- 
side the ballast tank. The emptying pipe 16 should 
act at the bottom of the ballast tank so that most of 
the liquid contents of the ballast tank can be re- 
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moved by means of the emptying pipe. In one embodi- 
ment the emptying pipe 16 may have a connection lo- 
cated less than 8 to 10 m above the bottom 17 and 
having a connection for a suction pump which can be 
mounted above the sea surface or by divers below the 
sea surface. In the preferred embodiment, however, 
the connection for the emptying pipe 16 is located at 
the connection place 13 for the other pipes, and in 
that case the emptying pipe is provided with an ejec- 
tor 19 down in the ballast tank, see Fig. 11. 

As illustrated by the arrows A, the ejector 19 
sucks liquid out of the ballast tank 12 when the emp- 
tying pipe 16 is supplied with pressurized liquid by 
means of a pump that may be placed at great height 
above the ejector. The liquid supplied through the 
emptying pipe 16 is passed up through the ejector and 
produces a low pressure at nozzle 20 which sucks liq- 
uid from the ballast tank 12 up through the discharge 
pipe 21, which opens out outside the ballast tank 12, 
such as at the base above the sea surface 9. Instead 
of opening out above the sea surface, the discharge 
pipe 21 may open out below the sea surface, such as 
at the upper surface 22 of the ballast tank, but then 
a non-return valve has to be mounted in the discharge 
pipe to prevent return flow of liquid to the ballast 
tank. 

Moreover, in the embodiment of Pig. s, the base 
has a pipe 31 having a connection for a hose at its 
upper end. The pipe 31 leads to the bottom of the 
base and opens out at the lower surface of the base 
so that pressurized liquid can be passed through the 
pipe 31 down below the bottom of the base when the 
wind turbine is to be lifted off the bottom. 

In the following description of different embodi- 
ments the same reference numerals as above will be 
used for the sake of simplicity for details having 
substantially the same function. 

Wind turbine bases can according to the present 
invention have different designs. In an upper section 
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5a the base is tubular and ends upwards in a flange 
for assembly with a bottom flange on the tower 4. The 
section 5a may be cylindrical, but the section may 
also have a smaller diameter in the wave-af f ected 
area at the sea surface. A lower section 5b of the 
base has a substantially larger diameter than the up- 
per section 5a, The lower section 5b acts as the 
gravitational base of the wind turbine. For the wind 
turbine of 2 MW mentioned above, the nacelle may, for 
example, have a mass of 106 t, the tower may have a 
mass of 160 t, the upper section 5a may have a mass 
of 40 t, and the lower section 5b may have a mass of 
400 t when it is made of steel. If the lower section 
is of steel -reinforced concrete the mass of the lower 
section 5b is e.g. in the range of 1200 to 1600 t. 
The lower section 5b of the base can e.g. have a 
square bottom surface with a side length of 24 m and 
a vertical side height of about 4 m and an upper side 
extending from said vertical side obliquely upwards 
and inwards to the upper section 5a. For a wind tur- 
bine of 3 MW the rotor blades can e.g. have a length 
in the range from 42 to 46 m and a weight that is 
about 10% higher than the weight of the 2 MW wind 
turbine. The lower section 5b of the base can in this 
case e.g. have a square bottom surface with a side 
length of 25 m and a vertical side height of about 
4.5 m. For a wind turbine of 5 MW the rotor blades 
can e.g. have a length in the range from S3 to 57 m 
and a weight that is about 50% higher than the weight 
of the 2 MW wind turbine. The lower section 5b of the 
base can in this case e.g. have a square bottom sur- 
face with a side length of 29 m and a vertical side 
height in the range of about 5 m to 6 m. 

The upper section 5a may, for example, be a steel 
pipe, or it may be made of reinforced concrete. The 
lower section 5b is typically made of reinforced con- 
crete and may be provided with steel girders, such as 
vertical steel panels, having weighing holes at their 
lower edges to permit liquid passage in the cases 
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where a girder is placed inside a ballast tank. When 
the lower section is made of reinforced concrete, a 
steel panel extending over most of the lowermost area 
of the base may be integral with the bottom of the 
section. Alternatively, the lower section 5b may be 
constructed from steel. 

After placing of the wind turbine on the farm, the 
base S preferably stands directly on the seabed and 
carries the wind turbine by virtue of its own weight, 
that is, without any foundation proper into the sea- 
bed. Although it is possible to anchor the base fur- 
ther into the seabed by means of one or more founda- 
tion piles, this is not preferred because it requires 
foundation work to be carried out and requires fur- 
ther work when the wind turbine is to be removed from 
the farm. 

Fig. 7 shows an embodiment in which the lower sec- 
tion 5b of the base has three ballast tanks 12. In a 
top view, the base has a triangular shape, and each 
ballast tank is provided with a filling pipe 14 and 
an emptying pipe 16. It is possible, but not neces- 
sary to provide each ballast tank with a sounding 
pipe (not shown) . Furthermore, near the tips of the 
triangle, the base is provided with three fittings 23 
for mounting of fastening means for lifting of the 
base. The fittings may, for example, be designed as 
eye fittings that can be made to engage with shackles 
or similar fastening means on flexible lines. 

Fig. 8 shows another, preferred embodiment. The 
lower section 5b of the wind turbine base is divided 
into a circular central chamber 24 with a diameter D 
corresponding to about half the width of the base and 
into four surrounding ballast tanks 12. Each ballast 
tank has a filling pipe 14, a sounding pipe 15 and an 
emptying pipe 16. The central chamber 24 may also 
have a filling pipe 14, a sounding pipe 15 and an 
emptying pipe 16. This makes it possible to perform 
individual ballast adjustment of each ballast tank 
and possibly also of the central chamber. A fitting 
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23 is provided at each corner of the base. The wall 
of the central chamber may be conical so that at the 
top it tapers into the pipe of the upper section 5a. 

Fig. 9 shows a further embodiment in which a base 
has a similar main division into a central chamber 24 
and four surrounding ballast tanks 12. In this em- 
bodiment there is only a single joint set of pipes, 
viz*, a single filling pipe 14, a single sounding 
pipe 15 and a single emptying pipe 16. Thus simulta- 
neous filling, emptying and sounding of all ballast 
tanks of the base are carried out. This has been fa- 
cilitated by flow passages with a relatively small 
area in the partitions between the ballast tanks so 
that only slow fluid flows between the chambers are 
possible, but not stronger flows that might cause ab- 
sence of the desired stability- improving effect of 
the division of the base into several chambers. The 
fittings 23 are not located at the corners of the 
base, but instead at the middle of the long sides of 
the base. 

Fig. 10 shows a further embodiment of the wind 
turbine in which the base is divided into four bal- 
last tanks 12, each provided with at least a filling 
pipe 14 and an emptying pipe 16. Concerning sounding, 
it is possible to use the emptying pipe as a sounding 
pipe during the periods when ballast is supplied or 
between the periods when no ballast is emptied out. 
However, this requires a switch on the emptying pipe 
between a sounding position and an emptying position. 

The vessel 7 according to the invention is illus- 
trated in a top view in Fig. 12. Four wind turbines 1 
have been loaded and placed on the loading space 25 
of the vessel. At the aft end of the vessel, an 
unloading position 26 is formed, from which a wind 
turbine can be lowered on to the seabed or lifted up 
therefrom. As illustrated in the drawing, the vessel 
may be a dock ship having a side superstructure 27 on 
both sides of the loading deck with a deck part lo- 
cated higher than the loading deck, or it may be a 
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vessel of a barge -like nature not having such con- 
tinuous, higher deck parts in the longitudinal direc- 
tion. However, the side superstructures 27 provide 
the advantage that there are upright sides that may 
serve as sideways guides at stowing and lashing of 
the wind turbines. Moreover, the side superstructures 
improve vessel stability in the heavy-draught condi- 
tion. The vessel may also be a semi -submersible with 
several hulls. 

At the unloading position 26 the vessel 7 has two 
projecting arms 28, which are extensions of the sides 
of the vessel aftwards past a sternpost 29 so that 
there is free access downwards to the seabed between 
the arms. At the unloading position of the embodiment 
shown, there are four winches 11, each controlling 
one of the flexible lines 10, which may, for example, 
be a wire line or a chain line. Each winch has a 
drive and at least one winch drum with the wire or 
the chain for the flexible line running up around a 
pulley and down to a free end with a fastening member 
intended for connection to a fastening member at one 
of the lifting points 23 of the wind turbine base 5. 

The fastening member may, for example be a shackle 
mounted at the end of the wire or the chain of the 
flexible line. Preferably, the fastening member is of 
a type with remote release, for example by actuation 
of a hydraulic cylinder. The release may, for exam- 
ple, be effected by means of a jerk of a releasing 
line leading from the vessel down to the hydraulic 
cylinder at the fastening member or by means of a 
wireless signal transmitted to a receiver on the cyl- 
inder. The hydraulic cylinder may, for example, pull 
back a pawl engaging with the eye fitting at the 
lifting point. When the pawl has been pulled back, 
the fastening member is released, and the flexible 
line 10 may be hoisted. This obviates the use of a 
diver to release the lines 10 after placing the wind 
turbine on the seabed. 

The vessel 7 has ballast means with a pump system 
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for supply of pressurized liquid, such as seawater. 
Such a pump system may be a separate system or be 
part of the usual pump systems of the vessel for sup- 
ply of flushing water or ballast water for the needs 
of the vessel. 

The ballast means also comprise hoses for connec- 
tion to the pipes of the base at the connection place 
13. Hoses to be used may depart from a fixed place on 
the vessel and have the adequate length to reach from 
a wind turbine 1 placed on the loading space nearest 
the superstructure 32 of the ship to a wind turbine 
placed at the unloading position 26. Alternatively, a 
hose set may be provided at the unloading position, 
and other hose sets at the loading space. In a pre- 
ferred embodiment, the hose sets of the ballast means 
are mounted on a hose automat 33 which, as shown in 
Fig. 12, is displaceable in the longitudinal direc- 
tion of the vessel on a pair of rails 34 on the side 
superstructure 27. The hose automat may suitably have 
a hydraulically operated lift 35 accommodating at 
least one person. The hoses may be carried by the 
lift, and when the hoses are not connected to the 
pipe of a wind turbine, their connecting parts at the 
hose ends may be placed in a holder on the lift. 

When a wind turbine is to be moved from the posi- 
tion of Pig. 2 on the loading space deck to the 
floating position shown in Fig. 3, the hose sets are 
first connected to the pipes on the wind turbine, and 
then ballast is removed from the base. The foremost 
lines 10 of the vessel have been connected to the 
foremost mounting places 23 on the lower section 5b 
of the wind turbine. Then, by operation of the 
winches 11, the turbine can be displaced horizontally 
to the unloading position 26 shown in Fig. 13, in 
which the wind turbine is in a floating position be- 
tween the arms 28, and simultaneously the hose auto- 
mat 33 is displaced on the rails 34 to follow the 
wind turbine. 

Then all the flexible lines 10 are connected to 
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the associated lifting points on the lower section 5b 
of the base. The base is still self -floating with all 
or most of the upper surface of the lower section 5b 
located above the sea surface 9. Then the winches 11 
5 are actuated to roll up the flexible lines until each 
of the lines is subject to a tensile force lifting at 
the associated lifting point of the base. The wind 
turbine is thus suspended in the flexible lines while 
it floats. Naturally, it is also possible to connect 
10 all the flexible lines to the lifting points of the 
base before the wind turbine is moved from the load- 
ing space. 

In one embodiment, the winches 11 are so-called 
constant -tension winches persistently keeping up a 

15 certain tensile force on the line 10 in the actuated 
position. This tensile force may suitably be adjust- 
able for each winch. These winches make it possible 
to supply ballast continuously while increasing the 
draught of the wind turbine and to keep up predeter- 

20 mined tensile forces at the lifting points. 

In another embodiment, each winch 11 is controlled 
for taking up or paying out depending, on whether an 
increase or a reduction of the tensile force of the 
line 10 is desired. 

25 It is also possible to generate the lifting force 

by first taking up the winches 11 in such a way that 
the slack of the flexible lines 10 is only just taken 
up, that is, that the lifting force is of a small 
magnitude when the wind turbine is in its self- 

30 floating position. Then the winches 11 can fix the 
flexible lines, and part of the ballast can be sup- 
plied to the ballast tanks 12. In this way, a lift 
corresponding to the weight of the ballast supplied 
is built up in each of the flexible lines. When, for 

35 example, a third or half the total ballast quantity 
has been supplied to the base, the wind turbine may 
be lowered some of the way, whereupon further ballast 
may be supplied, followed by further lowering and 
supply of further ballast, etc., until the full bal- 
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last quantity has been supplied. 

The lift of the individual line corresponds at 
most to one fourth of the weight of the wind turbine 
when four lines 10 are used. The lift may suitably 
5 correspond to between 5% and 20% of the turbine 
weight, and preferably between 10% and 15% of the 
turbine weight. 

As a result of the upward forces at the lifting 
points, the wind turbine is stably suspended by the 

10 vessel when the upper surface of the lower section 5a 
is brought down below the sea surface and during the 
further lowering as shown in Fig. 14. When the supply 
of ballast is completed, the winches 11 are paid out 
so that the wind turbine sinks downwards towards the 

15 seabed, when the wind turbine is placed on the seabed 
as shown in Fig. 5, the lines are released. Then the 
wind turbine can be connected to the grid, and so- 
called scour protection be laid out around the lower 
part of the base to protect it. 

20 Preferably there is one hose set for each ballast 

tank of the base, and in each set there is a hose for 
each of the types of pipe leading down to the ballast 
tanks 12. One set may thus have a filling hose for 
connection to the filling pipe 14, an emptying hose 

25 for connection to the emptying pipe 16 and possibly a 
sounding hose for connection to the sounding pipe 15. 
The filling hose may be connected to the pump for 
supply of pressurized liquid or to the ambient air, 
and so can the emptying hose. It is also possible 

30 that the hose set has only one hose connected to the 
pump with pressurized liquid and that this hose is 
then connected to the filling pipe 14 or the emptying 
pipe 16 depending on whether ballast is to be sup- 
plied or removed. The other one of the two pipes may 

35 then merely have its cover dismounted so that it is 
open to the ambient air. 

The ballast means and the winches 11 can be con- 
trolled from a control station 40, Typically there 
are two control stations 40, one on the vessel bridge 



in the superstructure 32 and one located down at the 
unloading position 26. The control station has con- 
trol members, such as push buttons, for controlling 
the winches 11 and the ballast means, when the tanks 
have sounding pipes, the current sounding height of 
liquid in the associated tanks can be shown on the 
control station by means of a pneumatic pressure 
gauge connected to the sounding hose. If desired, "it 
is also possible to expand the control station with a 
display of the current tensile forces in the individ- 
ual lines 10. This may be effected by suspending the 
pulley, around which the line 10 runs, in a sensor (a 
weighing cell) , which measures a value representing 
the current axial load on the line 10. Alternatively 
the winch proper can be equipped for electronic load 
sensing. 

Measurements of the actual axial loads on the 
lines 10 can be used as a supplement to or instead of 
sounding pipes. Since it is attempted to obtain uni- 
form lifts in the lines 10, the direct tensile meas- 
urement by the sensors can also be used for an auto- 
matic alarm signal at the control station when the 
axial force of one of the lines deviates by more than 
a predetermined limit value from the axial forces of 
the other lines. This may, for example, give rise to 
a change of the ballast quantity in the ballast tank 
furthest away from the lifting point of the line. The 
loads measured are thus parameters of a semi- 
automatic control of the ballast means, as a person 
actuates the ballast means on the basis of the infor- 
mation. 

The measurements of the axial loads on the lines 
10 can also be used for automatic control of the bal- 
last means and the winches 11, for example on the ba- 
sis of a predetermined value for the magnitude of the 
aggregate lift in the lines 10 and, for example, a 
predetermined value for the maximum lowering speed. 

when it is desired to move the wind turbine from 
the seabed, the lines 10 are lowered to the lower 
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section 5b of the base, and a diver mounts the fas- 
tening means of the lines to the lifting points 23. 
At the same time, the desired hoses from the ballast 
mean© can be mounted on the pipes at the connecting 
place 13 on the wind turbine. Then the winches 11 are 
actuated until the desired axial forces in the lines 
10 have been established. Then ballast is emptied out 
from the tanks 12 f and if the wind turbine is manu- 
factured with the pipe 31, it is supplied with pres- 
surized liquid at the same time, when the wind tur- 
bine has been raised to the self -floating position 
between the arms 28 shown in Fig. 4, the lines 10 may- 
be slacked, and the wind turbine may be displaced to 
and placed on the loading space as shown in Figs. 3 
and 2. 

Details of the various embodiments can be combined 
into new embodiments according to the invention, and 
variations of the said embodiments may be made; the 
unloading position 68 may for example be formed in 
the stem of the vessel instead of the stern, or the 
unloading position may be sideways on the vessel in- 
stead of being located at the end of the vessel. In 
connection with a sideways location, the arms with 
the winches 11 may be displaceable in the longitudi- 
nal direction of the vessel so that one and the same 
set of arms can be actuated in alignment with each 
wind turbine ♦ It is also possible to arrange the 
winches 11 in other ways than as shown, for example 
with a winch at the end of the arm and two winches 
mounted on the deck of the vessel. 

For use in erecting wind farms located at exten- 
sive ocean areas, such as the Atlantic Ocean or the 
Pacific Ocean, the vessel may be provided with jack- 
up equipment, for example in the form of four legs 
with associated drives for vertical displacement of 
the legs in their longitudinal direction. The legs 
are mounted on the vessel hull, such as with one leg 
on each side of the vessel at the front and aft 
shoulders. Extensive ocean areas often have a persis- 
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tent swell with a large wavelength, also when the 
weather is otherwise fine and without any wind. To 
counter the inconveniences from the swell, the vessel 
may be stabilized in relation to the seabed by actua- 
tion of the jack-up equipment, which can lift the 
vessel such a limited distance upwards that the swell 
no longer causes the vessel to move. Naturally, the 
jack -up equipment can only be actuated during the pe- 
riods when lowering or raising of a wind turbine is 
carried out at the unloading position, while the 
equipment is inactive during the periods when the 
vessel has a heavy draught for displacement of a wind 
turbine from or to the loading position. 

In view of accurate positioning of a wind turbine 
in a prepared place of installation on the seabed, 
the vessel may be equipped with a dynamic positioning 
system controlling the vessel propellers 41 and bow 
propellers 42 for maintaining a specific position. 
The zero point for the vessel determined in the posi- 
tioning system may then be the centre point between 
the winches 11 at the unloading position. When the 
exact intended position of the place of installation 
of the turbine has been recorded in the system, the 
vessel ig thus controlled so as to maintain the zero 
point of the vessel vertically above the intended po- 
sition. As an alternative to such a system, the ves- 
sel may be anchored at the correct position. 

In a preferred embodiment of the vessel according 
to the invention the vessel is a semi -submersible 
barge in which the unloading position is located at 
the forward end of the hull. The barge can be a tra- 
ditional tow-barge, but is preferably a push-barge. 
At the aft end the barge is provided with a coupling 
system for connecting the barge with a push tug. The 
coupling system can e.g. be of a type with one or 
more toothed vertical rods into which the tugboat can 
enter into engagement. The relative vertical posi- 
tioning between the tugboat and the barge can vary in 
the range of l to 15 m depending on the loading con- 



dition of the barge. The engagement of the tugboat 
with the vertical rods can be released as desired. 
This is an advantage when the barge changes its dead- 
weight because a wind turbine is loaded or unloaded. 
At the forward end the barge is provided with two 
protruding arms at the unloading position. At the aft 
end the barge is equipped with one jack-up leg at ei- 
ther side of the barge. It is an advantage to lock 
the position of the barge in relation to the seabed 
before the wind turbine is to be lowered into place 
on the seabed. When the two jack-up lege have been 
lowered to be in contact with the seabed the position 
of the barge is locked in relation to the precise in- 
stallation site of the wind turbine and there is not 
any real need for a dynamic positioning system in or- 
der to guide the wind turbine into a precise posi- 
tioning. The barge can have one or more bow thrusters 
in the aft end. Preferably the bow thrusters are azi- 
muth thrusters of a power of e.g. 1000 kw. The barge 
can e.g. have a loading space of a width of slightly 
over 30 m so that one or more wind turbines with a 
base having a width of up to 30 m can be placed on 
the loading space. It is of course also possible to 
locate the unloading position in the aft end of the 
barge . 

The vessel can be utilized for sailing wind tur- 
bines from a port area to the offshore wind farm as 
described in detail in the above. In this case the 
vessel is sailing or, in case the vessel is a barge 
is pushed or towed, between the port area and the 
wind farm in order to pick up new wind turbines for 
placement on the farm. The vessel or barge can also 
be positioned for extended periods on the wind farm 
and be utilized to lower wind turbines down to the 
seabed from a self -floating state. In the latter case 
the wind turbines can be towed from the port area or 
manufacturing area out to the wind farm. At the wind 
farm each wind turbine is floated into the unloading 
position at the , vessel, the lines from the vessel are 
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connected to the lifting points on the wind turbine 
base, and ballast is supplied to the wind turbine 
base while the wind turbine base is held suspended in 
the horizontally distanced flexible lines from the 
vessel with at least most of the upper surface of the 
wind turbine base located above the sea surface, 
whereupon the wind turbine is lowered down into posi- 
tion on the seabed by paying out the flexible lines 
from the winches on the vessel. 

The installation of the wind farm can be initi- 
ated by preparing the seabed in the areas 101 where 
wind turbines are to be located. The seabed is lev- 
elled and possibly compressed to such firmness that 
it can support the wind , turbine . Then the electric 
grid 102 is installed on the sea bottom, and a wind 
turbine base carrying a transformer station 103 on 
top of the upper part 5b is placed on the farm, and 
the transformer station is connected to the electric 
grid 102. Then wind turbines are installed, and as 
the wind turbines are placed on the farm they are 
connected to the electric grid and begin to produce 
electricity. 
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